Molecular Dynamics Simulations of Bio-Nano Systems with MBN Explorer  by Yakubovich, A.V. et al.
 Physics Procedia  40 ( 2013 )  93 – 99 
1875-3892 © 2013 The Authors. Published by Elsevier B.V.
Selection and/or peer-review under responsibility of VINF
doi: 10.1016/j.phpro.2012.12.013 
2nd European Conference on Nano Films: ECNF-2012 
Molecular dynamics simulations of bio-nano systems with 
MBN Explorer 
A.V. Yakubovicha, I.A. Solov’yovb, A.V. Solov’yova * 
aFrankfurt Institute for Advanced Studies, Ruth-MoufangStr.1, Frankfurt am Main, 60438, Germany 
bBeckman Institute for Advanced Science and Technology, University of Illinois at Urbana-Champaign,405 N. Mathews Ave, 
Urbana Illinois 61801, USA 
*On leave from A.F. Ioffe Physical-Technical Institute, Politechnicheskaya Str. 26, 194021 St. Petersburg, Russia 
 
Abstract 
:H SUHVHQW UHVXOWV RI PROHFXODU G\QDPLFV VLPXODWLRQV SHUIRUPHG XVLQJ D PXOWLSXUSRVH FRPSXWHU FRGH 0%1
([SORUHU,QSDUWLFXODUZHFRQVLGHU WKHSURFHVVRI ODVHU LQGXFHGDFRXVWLFGHVRUSWLRQRI O\VLQHDPLQRDFLGV IURP WKH
VXUIDFHRIDQLFNHOIRLO:HDQDO\]HWKHUDWHRIO\VLQHGHVRUSWLRQIURPWKHQLFNHOIRLODWGLIIHUHQWIRLODFFHOHUDWLRQVDQG
VXJJHVW D VLPSOH WKHRUHWLFDO PRGHO WR GHVFULEH WKH REVHUYHG UHVXOWV :H QRWH WKDW GHVSLWH WKH XQLYHUVDOLW\ WKH
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V JXLGH DQG D QXPEHU RI UHSUHVHQWDWLYH H[DPSOHV DUH DYDLODEOH XSRQ UHJLVWUDWLRQ RQOLQH DW








)LJXUH  LOOXVWUDWHV D YDULHW\ RI PROHFXODU V\VWHPV ZKLFK FDQ EH VLPXODWHG XVLQJ0%1 ([SORUHU ,Q
SDUWLFXODU0%1([SORUHU LV VXLWHG WRFRPSXWH WKHV\VWHP
VHQHUJ\WRRSWLPL]HPROHFXODU VWUXFWXUHVDV
ZHOODVWRH[SORUHWKHPROHFXODUDQGUDQGRPZDONG\QDPLFV0%1([SORUHUDOORZVWRXVHDEURDGYDULHW\




0DQ\ IHDWXUHV RI 0%1 ([SORUHU DUH QRW XQLTXH DQG DUH LPSOHPHQWHG LQ RWKHU FRPSXWHU SURJUDPV
GHYHORSHG WKURXJKRXW WKH ODVW GHFDGHV +RZHYHU D GLVWLQFW IHDWXUH RI0%1([SORUHU ZKLFKPDNHV LW
GLIIHUHQWIURPWKHDOUHDG\H[LVWLQJFRGHVLVLWVXQLYHUVDOLW\DQGDSSOLFDELOLW\WRDEURDGUDQJHRISUREOHPV
LQYROYLQJ GLIIHUHQW PROHFXODU V\VWHPV RI ELRORJLFDO DQGRU QRQELRORJLFDO RULJLQ 0RVW RI WKH H[LVWLQJ




WKH H[DPSOH RI D SDUWLFXODU SUREOHP WKH SURFHVV RI ODVHU LQGXFHG DFRXVWLF GHVRUSWLRQ RI ELRPROHFXOHV
IURPPHWDOOLFIRLO

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/DVHULQGXFHGDFRXVWLFGHVRUSWLRQ

,Q WKLV VHFWLRQZHGHVFULEH WKHPROHFXODUG\QDPLFVVLPXODWLRQVRI O\VLQH /\VSRO\SHSWLGHVGHVRUSWLRQ
IURPRVFLOODWLQJPHWDOOLF IRLO7KLV SURFHVV RFFXUV LQ WKH FRXUVH RI OLIWLQJ RI ELRPROHFXOHV LQWR WKH JDV










,Q WKH FRQVLGHUHG H[DPSOH ZH DVVXPH WKDW WKH DPSOLWXGH RI WKH IRLO YLEUDWLRQ LV SURSRUWLRQDO WR WKH
LQWHQVLW\RIWKHODVHUSXOVHDQGLQYHVWLJDWHWKHGHSHQGHQFHRIWKHQXPEHURIGHVRUEHGPROHFXOHVRQWKH
ODVHU LQWHQVLW\ &RQVLGHU WKH SURFHVV RI ORQJLWXGLQDO DFRXVWLFZDYH SURSDJDWLRQ WKURXJK WKH IRLO LQ WKH
GLUHFWLRQ SHUSHQGLFXODU WR WKH IRLO VXUIDFH VHH )LJ 7KH 'GLVSODFHPHQW RI WKH IRLO VXUIDFH FDQ EH
GHVFULEHGDV

ݖሺݐሻ ൌ ܣ ሺ߱ݐ ൅ ߮଴ሻǡ       

ZKHUH]LVWKHFRRUGLQDWHRIWKHIRLOWLVWKHWLPHLQVWDQFH$LVWKHZDYHDPSOLWXGHȦLVWKHIRLOYLEUDWLRQ
IUHTXHQF\ DQGĳ LV WKH LQLWLDO SKDVH )URP(T  IROORZV WKDWDFFHOHUDWLRQ RI WKH IRLO VXUIDFH FDQ EH
ZULWWHQDV

ܽ௭ሺݐሻ ൌ ݖሷሺݐሻ ൌ െܣ߱ଶ ሺ߱ݐ ൅ ߮ሻ      
 





7R LOOXVWUDWH WKH/,$'SURFHGXUHZH KDYH FRQVLGHUHG WKLUWHHQ O\VLQH DPLQRDFLG GHSRVLWHG RQ D 
QLFNHOVXUIDFHFRQVLVWLQJRIIRXUPRQROD\HUV7KHVL]HRIWKHQLFNHOVXUIDFHLQ[DQG\GLUHFWLRQVZDVWDNHQ
HTXDO WR  QP 7KH LQWHUDFWLRQV EHWZHHQ DPLQR DFLGV ZHUH GHVFULEHG WKURXJK WKH &+$500 IRUFH
ILHOG>@ DQG WKH LQWHUDFWLRQV EHWZHHQ QLFNHO DWRPV ZHUH PRGHOHG XVLQJ WKH PDQ\ERG\ 6XWWRQ&KHQ
SRWHQWLDO>@ ,QWHUDFWLRQEHWZHHQ WKHDWRPVRIQLFNHODQGDWRPVRI O\VLQHVZHUHGHVFULEHG WKURXJK WKH
YDQ GHU :DDOV SRWHQWLDO ZLWK İ1L H9 DQG 5PLQ c FRPELQHG ZLWK WKH YDQ GHU :DDOV
SDUDPHWHUVGHILQHGLQWKH&+$500IRUFHILHOGIRUO\VLQHDWRPV7KHSDUDPHWHUVIRUWKHO\VLQHQLFNHO
LQWHUDFWLRQ ZHUH FKRVHQ LQ RUGHU WR PDWFK WKH TXDQWXPPHFKDQLFDO FDOFXODWLRQV RI WKH DGVRUSWLRQ RI
EHQ]HQH RQ WKH QLFNHO VXUIDFH>@7KH î/\V#1L V\VWHPZDV HTXLOLEUDWHG IRU  QV DW . XVLQJ










SHUIRUPHGZLWK WKH XVH RI WKH DX[LOLDU\ V\VWHPPDQLSXODWLRQ:HKDYH SHUIRUPHG VHYHUDO VLPXODWLRQV
ZKLFKFRUUHVSRQGWRWKHDFFHOHUDWLRQRIWKHVXEVWUDWHHTXDOWRDQGcSVWKXVWKHVXEVWUDWH
DFFHOHUDWLRQRIcSVLQGXFHVIRUFHRIS1DFWLQJRQDO\VLQHDPLQRDFLG)RUHDFKDFFHOHUDWLRQWKUHH
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'XHWRWKHDFFHOHUDWLRQRIWKHIRLOWKHORRVHO\ERXQGDPLQRDFLGVDUHGHVRUEHGIURPWKHIRLOVXUIDFHLQWKH




DPLQR DFLG Ȝ GHSHQGV RQ WKH DFFHOHUDWLRQ RI WKH IRLO $VVXPLQJ WKDW HDFK DPLQR DFLG GHVRUEV
LQGHSHQGHQWO\LWLVSRVVLEOHWRGHILQHWKHSUREDELOLW\IRUDQDPLQRDFLGWRVWD\RQWKHIRLOVXUIDFHDV

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)URP )LJXUH  LW LV VHHQ WKDW UHVXOWV RI PROHFXODU G\QDPLFV VLPXODWLRQV DUH UHDVRQDEO\ ILWWHG E\ WKH
WKHRUHWLFDO PRGHO GHILQHG LQ (T  )LJXUH  VKRZV WKH GHSHQGHQFH RI WKH GHVRUSWLRQ UDWH Ȝ RQ WKH
DFFHOHUDWLRQRIWKHVXEVWUDWH,WLVDOVRVHHQWKDWWKHORJDULWKPRIȜLVSURSRUWLRQDOWRWKHDFFHOHUDWLRQRI
WKHVXEVWUDWHLHȜKDVDQH[SRQHQWLDOGHSHQGHQFHRQWKHDFFHOHUDWLRQRIWKHIRLO7KLVUHVXOWLVFRQVLVWHQW





Acceleration (Å/ps2) Ln Ȝ t0(ps) 
2.0 -4.32 46 
3.0 -3.67 15 
4.0 -2.82 7 
4.5 -2.52 7 





0%1([SORUHU LV D SURJUDP ZLWK VHYHUDO LPSRUWDQW IHDWXUHV ZKLFKPDNH LW SRWHQWLDOO\ LQWHUHVWLQJ WR
GLYHUVH FRPPXQLWLHV LQFOXGLQJ SK\VLFLVWV FKHPLVWV ELRORJLVWV DQG PDWHULDO VFLHQWLVWV0%1 ([SORUHU
SHUPLWV HQHUJ\ FDOFXODWLRQ VWUXFWXUH RSWLPL]DWLRQ PROHFXODU DQG UDQGRP ZDON G\QDPLFV VLPXODWLRQV
7KHGHYHORSPHQWRIDQHZSURJUDPIRUVWXG\LQJPROHFXODUVWUXFWXUHVDQGG\QDPLFVLVPRWLYDWHGE\WKH
QHHG RI D XQLYHUVDO H[WHQGDEOH FRGH ZKLFKZRXOG SHUPLW LQYHVWLJDWLRQ RIPROHFXODU SURFHVVHV RQ WKH
QDQR DQG PHVRVFDOHV 7KURXJK WKH FRPELQDWLRQ RI DGYDQFHG 0' WHFKQLTXHV DQG VLPSOLILHG FRDUVH
JUDLQHG PRGHOV0%1 ([SORUHU LV VXLWDEOH IRU WKH GHVFULSWLRQ RI PROHFXODU V\VWHPV RQ WKH EDVLV RI D
PXOWLVFDOHDSSURDFKZKLFKLVQRWSURYLGHGE\WKHPRVWRIH[LVWLQJVWDQGDUGPROHFXODUG\QDPLFVFRGHV
WKH VWDQGDUG FRGHV ZRXOG UHTXLUH DGGLWLRQDO LQSXW LQYROYLQJ HLWKHU SOXJLQ RUPRGXOH GHYHORSPHQW WR
SHUPLWWKHPXOWLVFDOHFDOFXODWLRQVZKLOH0%1([SORUHUVXSSRUWVLWLQWULQVLFDOO\

$V DQ H[DPSOH RI 0%1 ([SORUHU H[WHQGHG IXQFWLRQDOLW\ WKH SURJUDP DOORZV IRU VWUDLJKWIRUZDUG
VLPXODWLRQVXVLQJ0RQWH&DUOREDVHGG\QDPLFVFODVVLFDOPROHFXODUG\QDPLFVLQYROYLQJDODUJHQXPEHU
RI ULJLGPROHFXOHV RI DUELWUDU\ VKDSHV PROHFXODU G\QDPLFV VLPXODWLRQV RI ELRQDQR V\VWHPV PRGHOHG
WKURXJKDFRPELQDWLRQRISDLUZLVHDQGPDQ\ERG\SRWHQWLDOVHJDJROGQDQRSDUWLFOHPDUNHUOLQNHGWRD
'1$PROHFXOH ,Q WKH SDSHUZHKDYH FRQVLGHUHG RQO\ RQH LOOXVWUDWLYH H[DPSOHZKLFK RXWOLQH WKH NH\
IHDWXUHV RI0%1([SORUHU EXW RI FRXUVH GR QRW GHVFULEH DOO RI WKHP VLQFH0%1([SORUHU DOORZV WR
FRPELQH PRVW RI LWV IHDWXUHV LQ D XVHUIULHQGO\ PDQQHU SHUPLWWLQJ VLPXODWLRQV RI YDULRXV PROHFXODU
DVVHPEOLHVLQVSHFLDOHQYLURQPHQWV,WLVZRUWKQRWLQJWKDWDOWKRXJKPRVWRIWKHFRPSXWDWLRQDOIHDWXUHVRI
0%1([SORUHUFDQEHIRXQGLQRWKHUFRPSXWHUSDFNDJHV0%1([SORUHULVXQLTXHEHFDXVHLWFRPELQHVD
YDVW PDMRULW\ RI WKHVH IHDWXUHV LQWR RQH FRPSXWDWLRQDOO\ HIILFLHQW FRGH 7KH FXUUHQW YHUVLRQ RI0%1
([SORUHU VXSSRUWV FDOFXODWLRQV RQ WKHPXOWLSOH&38FRUHVZLWK VKHDUHGPHPRU\ E\PHDQV RI2SHQ03
SDUDOOHOL]DWLRQWHFKQLTXH

0%1 ([SORUHU LV PDGH FRPSDWLEOH ZLWK WKH SRSXODU PROHFXODU G\QDPLFV SURJUDPV 1$0'>@
&+$500>@ DQG YLVXDOL]DWLRQ SURJUDP 90'>@ 7KLV SHUPLWV WR HDVLO\ VZDS ILOHV EHWZHHQ WKH
SURJUDPV DQG SUHSDUH PROHFXODU V\VWHPV IRU VLPXODWLRQV LQ D VWUDLJKWIRUZDUG ZD\ 7KH YLVXDOL]DWLRQ
VXSSRUW WKURXJK WKH90' SURJUDP LV QHFHVVDU\ IRU DQDO\VLV RI0%1([SORUHURXWSXW DQG WKH EXLOGLQ







:H DFNQRZOHGJH WKH )UDQNIXUW&HQWHU IRU 6FLHQWLILF&RPSXWLQJ IRU SURYLGLQJ FRPSXWHU UHVRXUFHV WKDW
KDYH FRQWULEXWHG WR WKH UHVHDUFK UHVXOWV UHSRUWHG ZLWKLQ WKLV SDSHU ,6 DFNQRZOHGJHV VXSSRUW DV D
%HFNPDQ )HOORZ$< WKDQNV WKH 6WLIWXQJ3RO\WHFKQLVFKH*HVHOOVFKDIW )UDQNIXUW DP0DLQ IRU ILQDQFLDO
VXSSRUW

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